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Summary: Nowadays, heavy metals, which are among the various hazardous pollutants, are present 

at a high level of density in the receiving environments. Among heavy metals, especially copper is 

mainly present in wastewater due to the industrial activities. Adsorption is the most practical method 

to prevent this pollution, and in recent years, researchers have been involved in researching both 

adsorption and cost-efficient, accessible, easy-to-apply environmentally friendly adsorbents. In this 

study, the adsorption capacity of high density bioballs having a potential adsorbent characteristic 

was investigated. Accordingly, different pH values (2.0 – 6.0) and the contact times (1 -150 minutes) 

of a solution on the adsorption process was evaluated under a constant agitating speed (150 rpm), a 

constant temperature (25°C) and a fixed amount of adsorbent (2.0 g). Experimental data on the pH 

and contact times obtained were evaluated using different isotherm and kinetic models in a batch 

process. The optimum conditions for the adsorption process were determined as follows: adsorbent 

dose = 2 g/L, pH = 6.23 and contact time = 45 minute. The maximum copper refining efficiency of a 

high density bioball was calculated to be approximately 78% under the optimum conditions 

determined. The maximum adsorption capacity based on the Langmuir isotherm is 5.60 mg/g, and 

the adsorption of the copper element onto the high-density bioball is defined by a pseudo-second-

order kinetics. The process was found to be applicable, spontaneous, and endothermic according to 

thermodynamic parameters. As a result, it has been noted that high density bioballs used as a biofilm 

material may be an alternative adsorbent for copper and the other heavy metals. 
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Introduction 
 

Rapid industrialization, urbanization and the 

discharge of heavy metals into water caused by the 

technological progress have attracted many researchers’ 

attention due to their toxicities and carcinogenic effects. 

In particular, water pollution caused by heavy metal 
ions leads to serious environmental hazards and 

waterborne diseases. Heavy metals are the elements 

having a high density in the range of 3.5 to 7 g/cm3 and 

an atomic weight between 63.5 and 200.6 g/mol and 

have harmful effects at low concentrations [1]. They are 

mostly found in the earth’s crust and are not 

biodegradable, thus they are bio accumulative. Due to 

these features, they accumulate in living organisms and 

cause various health problems (neurological disorders, 

cancer, organ failure, kidney and lung damage, digestive 

system problems, skin lesions, etc.). The main sources 

of heavy metal ions include resources such as mining, 
vehicle emissions, agricultural flow, industrial waste, 

fossil fuel burning, welding processes, and 

electroplating [2]. The most dangerous heavy metal ions 

in the world are listed as cadmium (Cd2+), arsenic 

(As3+/As5+), mercury (Hg2+), chromium (Cr6+), lead 

(Pb2+), and copper (Cu2+) [3]. 
 

Cu2+ is one of the pollutants found in the 

receiving mediums that cause risk for ecology and 

human health [1]. Copper is found in the receiving 

environments as Cu0, Cu+ and Cu2+, but it also causes 

health problems such as stomachache, headache, 
nausea, kidney damage, skin irritation, and depression 

[4]. However, it is a heavy metal that is in high demand 

due to its economic importance. Cu2+ is used extensively 

in the energy, material, and transportation sectors due to 

its original physicochemical structure. It is well known 

that Cu2+ is an element formed in all water environments 

on a global scale [5]. The main anthropogenic copper 
resources are industrial (painting, metalwork, mining 

processes, refining processes, batteries and electronics 

manufacturing, textile and nuclear energy, etc.), 

domestic (leachate, wastewater treatment plants, etc.) 

and agricultural (treatment sludge applications, 

fertilization, etc.) activities. Cu2+, which is released as a 

result of these activities, may mix with air, soil and 

especially water and cause significant environmental 

changes [6]. Therefore, removal of Cu2+ is important for 

protecting human beings and their environment. 

According to the World Health Organization (WHO), 

the permissible limit for Cu2+ in drinking water is 2.0 
mg/L, while the United States Environmental Protection 

Agency (USEPA) has determined the content of Cu2+ in 

industrial wastewater as 1.3 mg/L [7]. 
 

There are different methods for removing Cu2+ 

from different receiving water environments. These 

include chemical deposition, ion exchange, adsorption, 
membrane, reverse osmosis and electrodeposition, 

which are commonly applied methods [8,9]. However, 

apart from adsorption, these technologies have many 

disadvantages such as their requirements for expensive 

chemicals, low removal efficiencies and secondary 

wastes in the treatment process. Among the reported 

methods for removing Cu2+, adsorption is the most 
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preferred process due to its pure and rapid process, 

maximum efficiency, simple configuration, easy 

regeneration, proper preparation, remarkable recycling 

performance, relatively low cost and availability in low 

concentration Cu2+ aqueous environments [10]. Many 
adsorbents (agricultural and industrial solid wastes, 

resins, fibers, activated carbon, chitosan, functional 

polymers, nanomaterials, different clay groups, etc.) 

have been used to extract Cu2+ from the aqueous 

solution [1, 11]. 
 

Bioballs are generally used in freshwater or 

saltwater aquariums, various non-swimming pools, 

biofilm layer formation in anaerobic/aerobic reactors in 

the wastewater treatment and biological filtration. These 
bioballs contribute to the removal of harmful pollutants 

in the water by allowing the microorganisms that 

support the treatment to grow and colonize thereon. 

These materials are generally made of thermal- and 

chemical corrosion- resistant materials based on 

polymer and plastic (polyhedral, polyethylene, 

polypropylene, reinforced polypropylene, polyvinyl 

chloride, chlorinated polyvinyl chloride, etc.). The 

properties of polymer and plastic adsorbents include 

adjustable surface chemistry, large surface area, pore 

size distribution, excellent mechanical strength and easy 
production [12].  These properties render the bioballs 

excellent materials that are suitable for the removal of 

the pollutants such as heavy metals, dyes, etc. from 

water environments. Although there are many studies on 

heavy metal adsorption in the literature, this research 

differs from other studies in terms of the material used. 

Because in the other studies, powdered or granular 

polymer or plastic materials can be applied to adsorption 

with modifications, whereas in our study, bioballs which 

are generally used as biofilm support materials in 

aquarium cleaning and treatment processes were used as 

adsorbents in an integral form during the adsorption 
process for the first time. With this study, the removal of 

heavy metals, which pose major problems in terms of 

environment and human health, using different materials 

other than activated carbon, has been investigated. In the 

study, removal of Cu2+ from water was aimed by using 

the adsorption method, which is economic and has high 

removal efficiency. In the study conducted according to 
the batch method, high density bioballs (Hi-DBB) were 

used as an adsorbent. 
 

Experimental 
 

To prepare a Cu2+ solution (100 mg/L), 3.928 g 

of CuSO4.5H2O compound was dissolved in 1 L of pure 

water (chemical resistance: 18 MΩ cm; 1.2 μg/L of total 

organic carbon), and a 1 L solution of Cu2+ was 

prepared. All chemicals used are of more than 97% 
analytical purity and were purchased from Merck 

GmbH (Darmstadt, Germany). The pH balance of the 

solutions used in the experiments was adjusted with 

0.01 M NaOH or 0.01 M HCI when necessary. The pH 

measurements were performed with a combination 

electrode with a LABQUEST2 digital ion analyzer. 

Mixing operations for the solutions were carried out 

using the analytical model ZHWY-200B, ZHICHENG 

benchtop incubator shaker at a constant stirring speed of 

150 rpm and a constant temperature of 25 °C. 

Commercial bioballs produced in different sizes by 

various companies were purchased ready-made in this 
study. High-density bio balls have been preferred 

because they are both easily accessible and economical. 

A Hi-DBB material with dimensions of 4.88 x 3.98 x 

3.35 cm and a minimum weight of 2 g was applied in 

the batch adsorption experiments. Hi-DBB adsorbent is 

generally produced from polyvinyl chloride (PVC) 

material and the elemental analysis results for PVC are 

given in Table-1 [13]. 
 

Table-1: Element distribution of PVC material. 
Material Element composition (wt.%) 

PVC 
C O Cl Mg Al Ca Si S 

57±6 4±0.6 37±9 ≤0.01 0.6±0.1 1.3±0.1 0.1±0.01 0.02±0.01 
 

 
 

Fig. 1: Schematic representation of the adsorption of Cu2+ on Hi-DBB. 
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Adsorption tests were carried out in glass 

equipment according to the batch method. 250 mL 

sealed Erlenmeyer flasks with a working volume of 

100 mL were used. Schematic representation of the 

adsorption of Cu2+ onto the Hi-DBB is shown in Fig. 
1. Experiments were carried out under suitable 

conditions according to pH and contact time 

parameters, which determine the basic mechanism for 

the adsorption test. Unlike the studies in the 

literature, the parameter adsorbent amount was not 

included in the effect factors since it is not in a 

powder or granular form. In the study, the Hi-DBB, 

the adsorption efficiency of which will be 

determined, was used in an integral form, and a fixed 

amount of Hi-DBB (2.0 g) was used in all 

experiments. The samples filtered to calculate the 

amount adsorbed were placed in an “ICP-OES, 
2100DV, Perkin Elmer, USA” inductively coupled 

plasma optical emission spectrometer (ICP-OES), 

and the results were recorded (Fig. 1). After the 

adsorption reaches equilibrium, the percentage of 

copper adsorption “A (%)” and Cu2+ adsorption 

capacity “qe (mg/g)” per unit amount of the Hi-DBB 

are calculated by the following formulas. Wherein; 

A: Cu2+ removal efficiency (%), C0 and Ce: initial and 

final concentrations of Cu2+ (mg/L), m: amount of 

Hi-DBB (mg), V: volume of solution (mL), qe: 

experimental amount of Cu2+ adsorbed by the Hi-
DBB (mg/g). 

 

   (1) 
 

   (2)
 

 

Results and Discussion 
 

Optimum Contact Time 
 

The contact time is the time required for the 

adsorption process to reach equilibrium, and when 

adsorption studies with Cu2+ are examined, the 

adsorption balance can generally occur in long 

periods of time. Fig. 2 shows the contact time 

relationship between Hi-DBB and Cu2+. Cu2+ 

adsorption was investigated on Hi-DBB as a function 

of time in the range of 5-120 minutes. Efficiency 
initially showed a slight increase within the first 15 

minutes’ period, while the increase gained speed 

from the 30th minute. For Hi-DBB, the maximum 

removal efficiency of Cu2+ has reached 77.45% 

within 45-minute contact time. The removal rate of 

15.68% to 77.45% within the first 45 minutes of the 

adsorption process may result from the larger free 

surface area of Hi-DBB for Cu2+ adsorption. In 

addition, it can be said that the composition and pore 

size of Hi-DDB made of polymer or plastic material 

examined may affect adsorption. The findings of 

many studies in the previous literature are consistent 

with the results of the study (Table-4) [14-16]. 
 

 
 

Fig. 2: Effect of time on removal of Cu2+ by Hi-

DBB (Cu2+
initial: 100 mg/L, Hi-DBB dose: 2 

g, pH: 6.23, 25 0C). 

 

Optimum pH 

 

pH is an environmental parameter and is the 

most important factor affecting the adsorption. pH 
can affect both the adsorbent and the structure 

adsorbed. As the pH changes, the adsorption 

efficiency changes as the hydrogen (H+), hydroxyl 

(OH-) ions in the environment change strongly. In 

Fig. 3, it is seen that Hi-DBB affects the adsorption 

of Cu2+ in the pH ranges of 2 to 9. As a result of batch 

experiments between different pH values, the 

maximum Cu2+ removal efficiency (78.43%) was 

found at pH 6.23. The maximum Cu2+ efficiency 

recorded for the pH environment of 6.23 may be the 

result of the interaction between the H+ and OH- ions 

in the solution and the functional groups in the 
adsorption zones of Hi-DBB. It is also a known fact 

that the adsorption efficiency depends to the charge 

of the adsorbent surface. As a result of the studies, it 

has been stated that the most suitable pH values for 

Cu2+ adsorption of polymer and plastic materials are 

between 5 and 6.9 [17]. The adsorption capacities are 

decreased for the materials of this nature at a low pH 

(very acidic) and a pH above 7. This is because pH 

affects the degree of ionization and the adsorbent 

surface. When the pH is lower than 4, the acidity will 

be high due to the positive charge and electrostatic 
repulsion. In this case, it will reduce the adhesion of 

positively charged Cu2+ [1]. Therefore, there will be a 

decrease in the number of negatively charged areas to 

bind Cu2+ due to the protonation of the active sites. 

Most heavy metals tend to precipitate at high pH 

values. However, the optimum pH value for Cu 

adsorption with HDBB was found to be 6.23 that 

adsorption takes place efficiently. Pourbaix diagrams 

were used to properly evaluate the metal diversity of 

Cu in the water samples subjected to chemical 
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analysis. It was observed that for Cu analyzed, there 

was a large overlap between the chemical species 

predicted by the Pourbaix diagrams [18]. The 

predominant species Cu in the aqueous phase 

depends on the pH and Pourbaix diagram. The main 
species present at pH≤6 are Cu2+, Cu+ while at pH≥7 

are Cu(OH)2 and Cu2O [18]. In this study, the pH 

values were adjusted to be in the range of 2.0-9.0. As 

heavy metals cannot dissolve at neutral or basic pH 

values, determining the degree of metal 

contamination in water at pH≥7 can be misleading. 

After pH 7, the formation precipitation of heavy 

metal ions as their own hydroxides may affect the 

adsorption results, therefore adsorption experiments 

were conducted in the pH range of 2-9. Because, the 

study was continued until high pH values in order to 

see clearly the distinction between adsorption and 
chemical precipitation. Thus, the efficiency of the 

adsorption process was observed in accordance with 

the purpose of the study. According to the Pourbaix 

diagram of Cu, the Cu2+ ions precipitated as Cu(OH)2 

at pH values greater than 6 [18]. Some studies have 

indicated that the maximum copper adsorption is at 

about pH 6 [19].   

 

 
 

Fig. 3: Effect of pH on removal of Cu2+ by Hi-DBB 

(Cu2+
initial: 100 mg/L, Hi-DBB dose: 2 g, pH: 

6.23, 25 0C). 

 

Effect of mixing speed 

 

Fig. 4 shows the effect of mixing speed on 
Cu2+ removal. Experiments were carried out at 50, 

100, 150, 200, 250, 300, and 350 rpm mixing speeds 

to determine the effect of mixing speed on adsorption 

when removing Cu2+ from Hi-DBB from the aqueous 

solution. As a result of the experiments, Cu2+ removal 

efficiencies were calculated as 58.25, 81.2, and 

64.5%, respectively. Fig. 4 shows that Cu2+ removal 

increases at mixing speeds in the range of 50-150 

rpm, and maximum efficiency is achieved at 150 

rpm. This is due to the fact that Cu2+ ions come in 

contact with the active porous inner surface regions 

of Hi-DBB together with increasing speed. At low 

and high mixing speeds, Cu2+ treatment was lower 

than the optimum value of 150 rpm. Low mixing 

speeds (50 and 100 rpm) cannot provide the energy 

required for Cu2+ ions to attach to the surface of the 
Hi-DBB [20]. On the other hand, at high mixing 

speeds (200, 250, 300, and 350 rpm '), there is not 

enough contact time to connect Cu2+ ions to Hi-DBB. 

 

 
 

Fig. 4: Effect of mixing speed on removal of Cu2+ 

by Hi-DBB (Cu2+
initial: 100 mg/L, Hi-DBB 

dose: 2 g, pH: 6.23, 25 0C). 

 

Thermodynamic effects of temperature changes 

 

Temperature is one of the parameters that 

play a role in every chemical reaction. Temperature 

affects the solubility and stability of metal ions. As a 
result, the temperature effect on thermodynamics and 

reaction kinetics may have a non-linear variable 

(positive-negative) effect. However, some 

researchers suggest that the effect of temperature is 

smaller than the impact of parameters such as 

adsorbent dose, pH, and contact time. Each adsorbent 

and metal ion must be specifically tested to identify 

the effect of temperature on the overall adsorption 

process. In this study, there were no major 

differences in Cu removal efficiencies at three 

different temperatures (298, 308 and 318 K) values 
(data not shown). Therefore, when evaluating the 

effect of temperature in the removal of heavy metals, 

thermodynamic parameters should be tested. When 

evaluating the effect of temperature in the removal of 

heavy metals, thermodynamic parameters should be 

tested. Thermodynamic parameters are important 

factors for determining the level of spontaneous 

formation of adsorption and energy need. 

Thermodynamic parameters (Gibbs energy, ΔGº (kJ / 

mol), standard entropy change, ΔSº (J / mol / K), 

standard enthalpy change, ΔHº (kJ / mol)) are 

determined using equations 3 and 4. Kd is the 
thermodynamic distribution coefficient and was 

calculated using equation 5 [14]. 
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    (3) 

 

R [8.314 (J/mol/K)] and Kd: thermodynamic 

distribution coefficients 

 

   (4) 

 

    (5) 

The ΔGº values calculated according to 

temperature changes and Kd values are given in Fig. 5 

and Table-2. All ΔGº values are negative, which 

clearly reveals the spontaneous adsorption studies in 

the batch system. In addition, negative values of ΔGº 

indicate that the bond energy between Hi-DBB and 

Cu2+ is strong. According to the literature, ΔGº is 

between zero and -20 kJ/mol for physical adsorption, 
and -80 and -400 kJ / mol for chemical adsorption. In 

Cu2+ treatment with Hi-DBB, ΔGº remained below -

20 and the limit value was not exceeded despite the 

temperature increase. Positive values of ΔHº and ΔSº 

show that Cu2+ adsorption is endothermic and 

randomness increases between Cu2+ solutions in 

active regions of Hi-DBB. As the temperature 

increases, the degree of self-realization of the process 

increases. Also, ΔHº 16.47 kJ / mol positive value for 

Cu2+ adsorption indicates that adsorption to Hi-DBB 

are endothermic in physical sorption. The positive 
result of ΔSº (3.76 J/mol/K) is the interaction of Hi-

DBB and Cu2+ in the solid-liquid interface. The 

findings of many studies in the previous literature are 

consistent with the results of the study [7, 20]. In 

addition, some studies have stated that adsorption is 

exothermic [21]. 

 

 
 

Fig. 5: The adsorption thermodynamic of Cu+2 ions 

onto Hi-DBB. 

 

Table-2: Thermodynamic constants for the adsorption 

of Cu2+ onto Hi-DBB. 
Metal ΔGº298 

(kJ/mol) 

ΔGº308 

(kJ/mol) 

ΔGº318 

(kJ/mol) 

ΔHº 

(kJ/mol) 

ΔSº 

(J/mol/K) 

Cu+2 -5.72 -6.03 -6.17 16.47 3.76 

 

Isotherm and kinetic models applied in the batch 
experiments 

 

In the batch system, four groups of 

isotherms were applied to detect adsorption. The 

coefficients, correlation factors (R2) and 

mathematical equations for the isotherm parameters 

obtained are listed in Table-3 [48-53]. Also, the main 

properties of a Langmuir isotherm may be expressed 

by the dimensionless constant separation factor (RL). 

The RL parameter shows the shape of the isotherm as 

follows: RL > 1, unfavorable; RL = 1, linear; 0 < RL < 
1, favourable and RL = 0, irreversible. The calculated 

maximum adsorption capacity (qm) was determined 

as 5.60 mg/g at 25°C, with a contact time of 45 

minutes and an initial Cu2+ concentration of 102 

mg/L. Fig. 6 and Fig. 7 show the suitability of 

Langmuir, Freundlich, Dubinin-Radushkevich (D-R), 

and Temkin isotherms in the Cu2+ adsorption system 

to laboratory-scale results. As can be seen in Table-3, 

the Langmuir model gave the best experimental result 

for Cu2+ adsorption on Hi-DBB due to the highest 

correlation coefficient (R2=0.781). The dimensionless 

constant separation factor (RL) was 0.022 for the 
initial copper concentration of 102 mg/L, and showed 

suitable adsorption for Langmuir in the range of 0 

<RL <1. However, other models have a poor 

inconsistency. These results are in line with the 

results of previous studies [28].  

 

 
 

Fig. 6: Experimental and calculated isotherm curves 

in the adsorption system 
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Fig. 7: Isotherm and kinetic curves of Cu2+ adsorption with Hi-DBB. 
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Table-3: Isotherm models, their linear forms and respective coefficient. 
Models Equations Description Coefficients 

Langmuir 

 

 

 

 

qm: maximum adsorption capacity; KL: density constant; RL: 

Separation factor: RL>1: unfavorable; RL=1: linear; RL=0: 

irreversible; 0<RL<1: favorable 

qm (mg/g) 

KL (L/mg) 

RL 

R2 

5.60 

0.43 

0.02 

0.78 

Freundlich  
KF: adsorption capacity; n: intensity of adsorption; 

1/n=0 irreversible; 1/n>1 unfavorable; 0 <1/n <1 favorable 

KF (mg/g) 

n 

R2 

5.82 

0.42 

0.29 

Tempkin  KT: Equilibrium constant 
KT (L/mg) 

R2 

260 

0.36 

D-R 
 

Β: Equilibrium constant; Ɛ: Polanyi potential 

β (mol2/j2) 

E (kj/mol) 

R2 

0.08 

2.44 

0.26 

PFO  k1: PFO kinetic constant 

k1(1/min) 

qe (mg/g) 

R2 

0.01 

1.67 

0.32 

PSO 

 

k2: PSO kinetic constant 

k2 

(g/mg/min) 

qe (mg/g) 

R2 

0.20 

4.98 

0.91 

Int-Dif  kd: Rate coefficient of Int-Dif 
kd 

R2 

0.56 

0.52 

Evolvich 

 

α, β: Evolvich constants 

α 

β 

R2 

2.63 

0.76 

0.39 

 

Table-4: Comparison of Cu2+ adsorption criteria of some plastic and polymer based adsorbents. 

Adsorbent 
Optimum Conditions Parameters 

R 
C (mg/L) pH T (min) T(0C) % Y AC (mg/g) I K 

Amine+silica 150 6.5 1440 25 92 10.41 L PSO [32] 

Polyaniline+Zr 50 6.0 90 - 96 25.75 - - [33] 

Polyamine - 5.0 - - 85 1.47 - PSO [34] 

Chitosan+PVC 100 5.0 210 - 68 87.9 L PSO [35] 

Synthetic materials - 6.0 20 - 99 0.05 - - [36] 

Modified PET film 2000 4.0 60 25 - 55.6 L PSO [37] 

Modified Lignin - 4.0 240 57 - 20 - - [38] 

Modified Polymer 10 6.0 120 57 87 31.45 L/F - [39] 

Polydopamine+Zeolite 100 5.5 1240 - 89 14.95 L PSO [40] 

Modified Cellulose 300 7.0 30 - 97 70 L PSO [41] 

Keratin+Polyamid6 35 5.8 1240 - - 103.5 F PSO [42] 

Polystrene 50 5.5 15 20 78 134 L - [43] 

Fiber+Fe2O3 30 5.5 60 25 21 4.98 - PSO [44] 

Modified Silica 10 4.0 140 25 76 41.5 L PSO [45] 

Silica KIT6 10 5.5 90 20 97 9.03 L PSO [46] 

Thiol+Polymer 10 4.0 20 - 81 9.43 - PSO [47] 

C: Initial Concentration; T: Temperature; AC: Adsorption Capacity; T: Time; Y: Yield; I: Isotherms, K: Kinetics; R: References 

 

Adsorption kinetics is important for 

determining the intake of Cu2+ on Hi-DBB in the 

solid-phase interface. In this study, four different 

kinetic models (pseudo-first-order (PFO), pseudo-

second-order (PSO), intraparticle diffusion (Int-Dif) 

and Elovich) were evaluated to define the batch 

system (Table-3). Adsorption capacities and values 

calculated from the models are given in Table-3. 

When the kinetic data findings are compared, it may 
be said that the best correlation coefficient is 

obtained with the PSO model. In addition, the values 

obtained from the PSO model show that the 

adsorption was experimentally successful. According 

to previous studies focusing on the adsorption of Cu2+ 

by different adsorbents, the removal of Cu2+ is 

suitable for the PSO kinetic modeling [16]. In 

addition, the PSO has defined all batch systems and 

the chemisorption in nature as the limiting factor for 

all adsorption capacities [29].  

 

Comparison of Cu2+ removal to different 
polymer and plastic based adsorbents reported in the 

literature is given in Table-4. Samadi et al. [30] 

examined the removal of Cu2+ from the aqueous 
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medium using polystyrene and melamine polymer 

derivatives, and as a result, achieved similar results 

with our study. As can be seen, the observed 

treatment efficiencies of Hi-DBB for Cu2+ are 

comparable to the other adsorbents [31]. 
 

Conclusion  

 

The current experimental study results have 

shown that the adsorption of the Cu2+ element on Hi-

DBB depends on the pH and contact time. The 

maximum purification efficiency of Hi-DBB was 

achieved as approximately 78% for Cu2+ under the 

optimum conditions. Optimum conditions for the 

adsorption process of Hi-DBB were determined as 

follows: Hi-DBB dose = 2 g/L, pH = 6.23 and contact 

time = 45 minutes. The maximum adsorption 
capacity and the correlation coefficient (R2) based on 

the Langmuir isotherm are 5.60 mg/g and 0.781, and 

the adsorption of Cu2+ on Hi-DBB is defined by the 

pseudo-second-order kinetics. Thermodynamic 

parameters (ΔHº, ΔSº, ΔGº) obtained during the 

adsorption process indicate that Hi-DBB is 

applicable, spontaneous and endothermic for Cu2+ 

adsorption. This study clearly shows that Hi-DBB 

can be a practical, effective and environmentally 

friendly alternative adsorbent for the purification of 

Cu2+ from aqueous solutions. 
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